A series of N- (3-(substituted-alkyl-or showed an IC 50 of 2.02 µg mL −1 and 0.40 µg mL −1 against the HIV-2 strain ROD with CC 50 of ≥ 104.00 µg mL −1 and > 125.00 µg mL −1 , respectively, resulting in a selectivity index of ≥ 52 and > 313. Based on the chemical structure of compounds 35 and 39, these molecules can be proposed to act as NNRTIs. However, it is exceptional to observe an antiretroviral activity that is limited to HIV-2.
Introduction
Thiazoles and thiazolidones have attracted continuing interest over the years because of their varied biological activities [1 -4] . Thiazole and thiazolidone units have been incorporated into a wide variety of therapeutically interesting candidates which then exhibited a number of biological activities, such as antibacterial [5 -7] , anti-HIV [8] , antiinflammatory [9] , antiprotozoal [10, 11] , anticonvulsant [12] , anticancer [13, 14] , and renin inhibitor properties [15] . 2-Aminothiazole analogs were reported as potential neuroprotective agents [16] for treatment of neurological diseases and modulators of transcriptional repression for treatment of Huntington's disease [17] . Further, some derivatives of thiazoles exhibited remarkable activity against the herpes simplex virus (HSV) [18] . Amin et al. [19] reported new substituted coumarinyl thiazolines, coumarinyl thiazolidin-4-ones and substituted chromenothiazoles and evaluated these species for anticonvulsant activity. A brief review of thiazoles associated with a large number of biological activities was presented by Siddiqui et al. [20] .
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Prompted by the observed biological activities of the above mentioned derivatives and in continuation of our ongoing studies on N-(4-phenyl-3-aroylthiazol-2(3H)-ylidene)-substituted-benzamides [24] , we report here the synthesis of some new fluoro-substituted benzamide analoges with evaluation of their anti-HIV activity as well as the synthesis of new substituted N-(pyrazolo [4,3- 
Results and Discussion

Synthesis
Condensation of the 1-aroyl-3-arylthioureas 1 -20 with α-haloketones in the presence of Et 3 N for 1 -2 h at r. t. afforded, after purification, the N-(3-(substituted-alkyl-or halophenyl)-4-methylthiazol-2(3H)-ylidene)-substituted alkyl-or halo-benzamides 21 -40 in 82 -91 % yield. Compounds 1 -20 were obtained according to the reported procedure [25] involving the preparation of the substituted benzoyl isothiocyanates from the reaction of halo-benzoyl chlorides, pivaloyl chloride or 3,4,5-trimethoxybenzoyl chloride with KSCN in anhydrous acetone and subsequent reaction with the respective halo-aniline (Scheme 1). The structures of 21 -40 were assigned on the basis of their 1 H and 13 C NMR, IR and mass spectra. The 1 H NMR spectra of 21 -40 showed similar patterns for the thiazole protons and carbon atoms. The IR spectra of 21 -40 showed absorption bands in the region λ max = 1598 -1664 and 1443 -1553 cm −1 , attributed to the C=O and C=N groups. In the 1 H NMR spectra, the doublet in the region δ = 2.07 -2.16 ppm (J = 0.9 -1.2 Hz) was assigned to the methyl group at C-4, while the quartet in the region δ = 6.34 -6.46 ppm was assigned to 5-H of the thiazole backbone. The 13 C NMR spectra of 21 -40 contained similar resonance signals for the thiazole carbon atoms. The signals between δ C = 175.1 and 173.4 ppm was assigned to the carbonyl carbon atoms, while the resonance in the range of δ C = 163.7 -165.2 ppm was assigned to C-2 (C=N). C-4 displayed a signal in the region δ C = 151.2 -149.3 ppm. A signal between δ C = 104.4 and 105.1 ppm was assigned to the olefinic carbon C-5, whereas the methyl carbon at C-4 was found in the region δ C = 14.3 -15.1 ppm. Compound 21 was selected for further NMR studies. From the gradient-selected HMBC [26] spectrum of 21, 5-H of the thiazole backbone at δ H = 6.43 ppm showed a 2 J C,H coupling with C-2 at δ C = 105.0 ppm, in addition to a 3 J C,H coupling with C-2 (C=N) at δ C = 165.8 ppm.
Next, we have selected the most potential anti-HIV-2 candidate, 2-chloro-N-(3-(4-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (27) , for a [2+3]-cycloaddition reaction with some reactive cumulenes. Thus, the intermediates 42, obtained from the α,α -dichloroazo compounds 41 [23] , were treated with 27 in the presence of SbCl 5 at −60 • C. At approximately −30 • C, the color changed from orange to brown, indicating that cumulates 42a -d underwent cycloaddition reactions with olefin 27 to give salts, presumably 1,2-pyrazolium hexachloroantimonates 43a -d, which could not be isolated. After increasing the temperature to 23 • C, the CR 2 Cl group at N-1 was eliminated, leading to the protonated salts 44a -d. In situ deprotonation of salts 44a -d with aqueous NaHCO 3 and NH 3 solution gave the desired products 45a -d in 52 -67 % yield (Scheme 2). The proposed regiochemistry of 45a -d is plausible.
Compounds 45a -d were identified by their 1 H and 13 C NMR spectra. The singlet at lower field (δ H = 1.38 -1.43 ppm) was attributed to the methyl proton at C-3a, while the singlet of 6a-H appeared at δ H = 3.12 -3.18 ppm). In the 13 C NMR spectra of 45a -d, the C=N signals appeared at higher field (δ = 183.3, 183.6, 183.9 or 183.7 ppm, respectively), while the resonances at δ = 173.9, 173.9, 173.8 or 174.1 ppm were assigned to C=O, respectively. The C-3a carbons ap- peared at δ = 87.7, 87.3, 87.0 or 75.8 ppm, respectively, and C-6a resonated at δ C = 70.1, 69.8, 69.9 or 69.6 ppm, respectively. C-3 and C3a-Me carbons resonated at δ C = 62.3 -74.2 ppm and δ C = 11.0 -11.7 ppm, respectively.
Compound 45a was selected for homo-and heteronuclear NMR studies. The gradient-selected HMBC [26] spectrum allowed via 2 J C,H and 3 J C,H couplings the assignment of most of the carbon atoms. C-3 and C 5 =N (δ C = 62.3 and 183.3 ppm) were identified from their 3 J C,H correlations to 6a-H at δ H = 3.18 ppm, respectively, and C-3a (δ C = 87.7 ppm) was identified from its 2 J C,H correlation to 6a-H at δ H = 3.18 ppm. The mass spectrum of 45a, (FAB) exhibited the correct molecular ion (417/419 [M+H] + ).
In-vitro anti-HIV assay
Compounds 21 -40 and 45a -d were evaluated for their in-vitro anti-HIV activity using HIV-1 (strain III B ) for HIV-1 and HIV-2 (strain ROD) in cells of human T-lymphocyte cell line (MT-4). The results are summarized in Table 1 , in which the data for nevirapine (BOE/BIRG587) [27] , azidothymidine (AZT) [28] , dideoxycytidine (DCC) [29] and didanosine [30] were included for comparison purposes. Compound-induced cytotoxicity was also measured in MT-4 cells parallel with the antiviral activity.
Compounds 35 and 39 were found to be the only compounds from the series inhibiting HIV-2 replication in a cell culture, which showed an IC 50 of 2.02 µg mL −1 and 0.40 µg mL −1 with CC 50 of ≥ 104.0 µg mL −1 and > 125.00 µg mL −1 , respectively, resulting in a selectivity index of ≥ 52 and > 313.
Based on the chemical structure of compounds 35 and 39, these molecules can be proposed to act as NNRTIs. However, the activity spectrum that is limited to HIV-2 is completely in contrast with what was observed with NNRTIs. On the other hand, 27 showed some activity against HIV-1 (III B strain) with IC 50 ≥ 12.70 µg mL −1 and a CC 50 = 70.13 µg mL −1 , but with a low selectivity (SI ≤ 6).
In conclusion, the above data suggest that substitution of the aromatic ring of a phenyl-4-methylthiazol- 
Experimental Section
General. Melting points are uncorrected and were measured on a digital Gallenkamp (SANYO) model MPD BM 3.5 apparatus. NMR spectra were recorded on 300 MHz ( 1 H) and 150.91 MHz ( 13 C) spectrometers (Bruker AM-300, Germany) with TMS as internal standard and on the δ scale in ppm. Signal assignments for protons were identified by selective proton decoupling or by COSY spectra. Heteronuclear assignments were verified by 1 H-13 C COSY, or HMQC experiments. FT IR spectra were recorded on a FTS 3000 MX spectrophotometer. Mass spectra (EI, 70 eV) were obtained on a GC-MS instrument (Agilent-technologies), using nitrobenzyl alcohol (NBOH) or glycerol as matrices. All compounds were purified by thick-layer chromatography using silica gel from Merck.
Synthesis of N-(3-(substituted-alkyl-or halophenyl)-4-methylthiazol-2(3H)-ylidene)-substituted alkyl-or halo-benzamides (21 -40)
To a stirred solution of 1-aroyl-3-arylthioureas 1 -20 (1.0 mmol) in dry acetone (20 mL) was added Et 3 N (1.0 mmol), followed by a dropwise addition of a bromine solution (1.0 mmol) in acetone (10 mL) under nitrogen. The reaction mixture was stirred for 1 -2 h, and the progress of the reaction was monitored by TLC (hexane: ethyl acetate 4 : 1). After the reaction was completed, the mixture was filtered, and the filtrate was evaporated to dryness to give the desired products, which were purified by recrystallization from EtOH. 
2-Chloro-N-(3-(2-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (21)
2-Fluoro-N-(3-(2-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (22)
4-Fluoro-N-(3-(2-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (23)
2-Chloro-N-(3-(3-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (24)
2-Fluoro-N-(3-(3-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (25)
From
4-Fluoro-N-(3-(3-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (26)
2-Chloro-N-(3-(4-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (27)
4-Fluoro-N-(3-(4-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)benzamide (29)
3-Chloro-N-(3-(3-chlorophenyl)-4-methylthiazol-2(3H)-ylidene)-4-fluorobenzamide (30)
N-(3-(3-Chloro-4-fluorophenyl)-4-methylthiazol-2(3H)-ylidene)pivalamide (32)
